A polymerase chain reaction for the specific detection of mycobacteria belonging to the Mycobacterium tuberculosis complex was developed. Using a single primer pair derived from the nucleotide sequence of protein antigen b of M. tuberculosis, we achieved specific amplification of a 419-base-pair DNA fragment in M. tuberculosis and M. bovis. After DNA was extracted from mycobacteria by using a simple, safe lysis procedure, we detected the 419-base-pair sequence in samples containing few mycobacteria. Preliminary data suggested that this technique could be applied to clinical specimens for early and specific diagnosis of tuberculosis.
Several mycobacterial species are associated with diseases in humans. Tuberculosis is caused by Mycobacterium tuberculosis, Mycobacterium africanum, or Mycobacterium bovis and is a major health problem, particularly in developing countries. The number of cases of tuberculosis worldwide is estimated to be some 30 million, with an annual incidence of 10 million (9) . Mycobacteria other than M. tuberculosis are widely distributed in nature, and infections with mycobacteria other than M. tuberculosis are a medically important problem (4, 22) . The emergence of acquired immunodeficiency syndrome has also resulted in an increased incidence of mycobacterial infections (20) .
Bacteriological diagnosis of mycobacterial infections remains a problem, and there is an urgent need for a rapid and reliable diagnostic test. Culturing of organisms has a specificity that approaches 100% and permits susceptibility testing of the isolates, but the slow growth of most pathogenic mycobacteria (3 to 6 weeks) results in delays in diagnosis. When few mycobacteria are present at the site of infection, multiple cultures may also be necessary to ensure a positive result. Identification of acid-fast organisms in stained smears may provide rapid diagnosis, but this method does not allow identification at the species level and requires that a relatively large number of bacteria (>104/ml) be present in the sample (6) . Serological techniques may be useful in some clinical situations, but both the sensitivity and the specificity of these tests are unsatisfying (5) . Gas chromatography with flame ionization detection has been shown to be useful for the identification of cultured mycobacteria, but this method is not sensitive enough to be used for clinical specimens (12) . Mass spectrometric detection has been used successfully to detect tuberculostearic acid in clinical samples but is an elaborate technique which requires expensive equipment (13) . The DNA or RNA hybridization tests with labeled specific probes which have been described so far are not sensitive enough to be used for clinical specimens without prior culturing (15) .
The advent of the polymerase chain reaction (PCR) (16, 17) has opened new possibilities for diagnosis of microbial infections. This technique has already been applied to a number of microorganisms. In the field of mycobacteria the PCR has been used to identify Mycobacterium leprae (8) and * Corresponding author. to detect DNAs extracted from various mycobacteria (3, 7) . The latter application is based on the sequences of the heat shock proteins of M. bovis bacillus Calmette-Guérin (BCG) (21) and M. tuberculosis (18) . These sequences are shared by many other species, and labeled probes are required to identify amplified DNA specific for M. tuberculosis.
The nucleotide sequence of the 38-kilodalton protein antigen b (Pab) of M. tuberculosis was recently published (2) . When serological methods were used, this protein could be detected only in M. tuberculosis and M. bovis. Thus, hyperimmune sera from rabbits immunized with other mycobacterial species did not bind affinity-purified Pab (10, 23) . This species restriction makes Pab a suitable candidate for diagnostic purposes. In this paper we describe a PCR which was used for detection of M. tuberculosis and which was based on the nucleotide sequence of the Pab gene.
MATERIALS AND METHODS
Bacterial strains and growth conditions. The bacterial strains which we used are listed in Fig. 3 . The PCR products were analyzed on 3% agarose gels.
polysaccharides, and the remaining proteins were removed by precipitation with cetyltrimethyl-ammonium bromide, which was followed by extraction with chloroform-isoamyl alcohol (24:1); then high-molecular-weight DNA was recovered from the resulting aqueous solution by isopropanol precipitation. DNAs from other bacterial species were isolated as described by Maniatis et al. (14) . The bacteria were digested with lysozyme, and this was followed by lysis with sodium dodecyl sulfate in the presence of proteinase K. The DNA was extracted with phenol and chloroform and recovered by ethanol precipitation. Human high-molecular-weight DNA prepared from human leukocytes was a kind gift from L. Truedsson, Department of Medical Microbiology, University of Lund, Lund, Sweden. Plasmid pAA26 is a derivative of pBR322 with a 7.8-kilobase HindIII-SmaI DNA fragment containing the entire gene for Pab of M. tuberculosis. The construction of this plasmid has been described previously (2) . The preparation of target DNA by boiling and ultrasonication is described below. Extraction of target DNA from mycobacteria. Cultured mycobacteria were harvested by centrifugation, suspended in 50 mM Tris hydrochloride (pH 8.0), and boiled for 5 min. A 100-pul portion of each cell suspension was mixed with 25 pul of acid-washed glass beads (diameter, <150 ,um; Sigma Chemical Co., St. Louis, Mo.) suspended in 50 mM Tris hydrochloride. The mixture was then subjected to ultrasonication at 20 kHz in a water bath (Schoeller & Co., Frankfurt, Federal Republic of Germany) for 15 min at 50°C; 10 pul of the supernatant was used as the target DNA in the amplification assay.
Clinical samples. Seven clinical samples were selected at random from among smear-positive and smear-negative samples. The sputum samples were treated with dithiothreitol (Sputolysin; Behring Diagnostics, La Jolla, Calif.), whereas the samples from bronchial and gastric lavages were not treated. The specimens were centrifuged at 2,300 x g for 20 min, the supernatants were discarded, and the pellets were suspended in approximately 250 pul of 50 mM Tris hydrochloride (pH 8.0). A 100-,ul portion of each of the samples was boiled. DNA was extracted as described above.
Selection of primers. The sequences of oligonucleotides MT1 and MT2, which were used as primers in the PCR, and the sequence of oligonucleotide MT3, which was used as a probe to identify the amplified DNA in DNA hybridization experiments, were homologous to sequences in a 419-basepair (bp) region of the gene encoding Pab of M. tuberculosis (2) (Fig. 1 (1 , ugIml) and destaining with distilled water. Gels were blotted onto nitrocellulose filters (Schleicher & Schuell, Dassel, Federal Republic of Germany) as described by Southern (19) . Dot blot experiments were done by using a manifold apparatus (Schleicher & Schuell) . The DNA samples were denatured in 0.4 M NaOH at 80°C and neutralized before they were applied to nitrocellulose filters. The filters were baked for 2 h at 80°C and prehybridized for 30 min at room temperature in a solution containing 50% formamide, 25% 20x SSC (lx SSC is 0.15 M NaCl plus 0.015 M sodium citrate, pH 7.0), 5% NaPO4 (pH 6.6), 5% (Fig. 2) . No amplification of human chromosomal DNA was observed under these conditions (data not shown).
Target DNAs were also extracted from 29 mycobacterial strains, 4 Nocardia strains, and 4 strains of gram-positive cocci by using a simple lysis procedure. A Sensitivity of the PCR performed with lysed mycobacteria. The sensitivity of the amplification performed with target DNAs extracted by using the lysis procedure described above was estimated by using serial dilutions of a culture containing approximately 4 x 106 M. bovis BCG cells per ml. The number of viable organisms was determined by culturing samples of each dilution on Middlebrook 7H10 agar. A 100-,ul sample of each dilution was boiled and sonicated together with glass beads as described above; 10 pli of the resulting sonic extract was used as the target source in PCRs. After amplification 20 ,uI of the mixture was denatured and applied to a nitrocellulose membrane, which was subsequently probed with 32P-labeled oligonucleotide MT3 (Fig. 3A) . A 10-,ul portion of the PCR product was also separated on an agarose gel (data not shown). Our results indicated that DNA from less than 10 mycobacterial cells can be detected by using the combination of the lysis procedure described above and the PCR.
Detection of the 419-bp sequence in clinical specimens. Seven samples from different patients with suspected tuberculosis were collected. After DNA was extracted, 10 pul of each sonic extract was subjected to the PCR. Three of the samples produced sharp bands at 419 bp when 10 pi of the PCR product was separated on a 3% agarose gel, whereas the remaining four samples did not produce any visible band on agarose gels (data not shown). A 20-pul portion of the PCR product was also analyzed by dot blot hybridization, using oligonucleotide MT3 as a probe. The samples which were positive as determined by analysis on agarose gels also hybridized with the oligonucleotide MT3 probe, whereas the samples that did not produce any visible band on agarose gels did not hybridize with this probe (Fig. 3B) the   FIG. 3 . Sensitivity of the PCR in which mycobacterial cell sonic extracts were used as DNA target sources. Samples (100 pul) of 10-fold dilutions of M. bovis BCG (A) or clinical specimens (B) were boiled for 5 min and subsequently ultrasonicated at 20 kHz for 15 min in the presence of acid-washed glass beads (diameter, <150 ,um). A 10-pI portion of the resulting supernatant was used as a target source in the PCR, in which 20 pmol of oligonucleotide MT1 and 20 pmol of oligonucleotide MT2 were used as primers. The annealing temperature for the PCR was 58°C, and the reactions were otherwise carried out as described in the text. A 20-pil portion of the PCR product was denatured and applied to a nitrocellulose filter, which was subsequently hybridized with 32P-labeled oligonucleotide MT3. (A) M. bovis BCG. Sample la, 10-1 dilution; sample lb, 10-2 dilution; sample lc, l0-' dilution; sample ld, lO-dilution; sample le, l0-' dilution. (B) Sample 2a, Gastric lavage sample 68; sample 2b, gastric lavage sample 73; sample 2c, sputum sample 76; sample 2d, sputum sample 81; sample 2e, sputum sample 85; sample 3a, sputum sample 502; sample 3b, bronchial secretion sample 536.
PCR. Further improvement of the lysis technique, possibly by including a step which concentrates the mycobacterial cells in the sample, may increase the sensitivity.
The oligonucleotide primers (oligonucleotides MT1 and MT2) derived from the Pab DNA sequence were successfully used to amplify a 419-bp DNA sequence in mycobacteria belonging to the M. tuberculosis complex, but not in other species. We also constructed an oligonucleotide (oligonucleotide MT3) to be used in DNA hybridization experiments. This probe hybridized to some extent also with chromosomal DNAs extracted from Mycobacterium avium and Mycobacterium intracellulare under low-stringency conditions (below 25°C) and therefore may not be optimal. However, in Southern blot experiments only the 419-bp product amplified from M. tuberculosis and M. bovis was identified by oligonucleotide MT3, and therefore this probe can be used in conjunction with analysis of amplified DNAs on agarose gels.
In extrapulmonary tuberculosis cases culturing often produces negative results or causes an unacceptable delay in diagnosis. This is especially true in tuberculous meningitis cases, in which early diagnosis is essential for the outcome of the disease (11) . The high sensitivity of the PCR raises hope for more rapid diagnosis of these infections. A rapid test for M. tuberculosis would also allow early differentiation between M. tuberculosis and mycobacteria other than M. tuberculosis, which has important implications for preventive measures, as well as for treatment of patients.
In this study we tested a small number of clinical samples, and the results which we obtained indicated that our approach could be used to detect M. tuberculosis in clinical specimens. The sensitivity of the PCR is largely dependent on the efficiency of the DNA extraction procedure, which VOL. 28, 1990 on July 6, 2017 
